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Theoretical foundation

O STAR W program in e-decay mode at mid-rapidity and forward/backward rapidity
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region

W p; >25GeV/c
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The STAR Experiment at RHIC

O Overview First collisions of polarized proton beams at

STAR at /s = 5006eV: Run 9 (P~40% / L~12pb™)
O Calorimetry system with 2m

coverage: BEMC (-1<n<1) and
EEMC (1«n<2)

O TPC: Tracking and particle

ID >.

R. Corliss, STAR

o 7DC: Relati Forward GEM Tracker,
L melative AGS-RHIC Users

luminosity and local  Meeting / Spin

polarimetry Session
O BRC: Relative O STAR Mid-rapidity W program (-1<n<1): BEMC and TPC
luminosity and O STAR Forward/Backward W program (1<n<2): EEMC and TPC /

Minimum bias trigger o
FGT (Installation in summer 2011)

APS April Meeting 2010
Washington, DC, February 16, 2010 Bernd Surrow



W production results: Algorithm I

O W reconstruction - Algorithm : Idea
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W production results: Algorithm I

O W reconstruction - Algorithm : Idea
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W production results: Algorithm l

O W reconstruction - Algorithm : Idea
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W production results: W event

O Event display (W event candidate) and detector signature

RHIC & AGS Annual Users Meeting / Spin Session
BNL, Upton, NY, June 07, 2010 Bernd Surrow



W production results: W event

O Event display (W event candidate) and detector signature

We found
~600 of those
kinds of
events!
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W production results: W event

O Event display (W event candidate) and detector signature
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W production results: W event

O Event display (W event candidate) and detector signature

BTOWY response
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W production results: QCD Background event

O Event display (Di-Jet event candidate) and detector signature
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W production results: QCD Background event

O Event display (Di-Jet event candidate) and detector signature

We recorded
and rejected
~1.5M of those
kinds of eventsl!
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W production results: QCD Background event

O Event display (Di-Jet event candidate) and detector signature
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W production results: Z° event

O Event display (Z event candidate) and detector signature
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W production results: Z° event

O Event display (Z event candidate) and detector signature
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W production results: Z° event

O Event display (Z event candidate) and detector signature

We found

a handful
of those
kinds of
events!
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W production results: Lego plots

O Lego plots - STAR BEMC/TPC  BemcE Distribution (Gev) TPC p, Distribution (GeV/c)
Run 9 STAR Data (Vs=500GeV)
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W production results: Algorithm Details I

O W reconstruction - Algorithm : Details
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W production results: Algorithm Details

O W reconstruction - Algorithm : Details

Transverse plane view
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General:

O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

11

Bernd Surrow



O W reconstruction - Algorithm : Details

Transverse plane view
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W production results: Algorithm Details I

General:

O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

Electron isolation cuts:

O Electron candidate is any primary TPC track with global
Pr+>10 GeV/c

O Extrapolate TPC track fo BTOW tfower

O Compute 2x2 tower cluster Er, require Et sum > 15 GeV

O Require the excess Et in 4x4 tower patch over 2x2 patch
to be below 5%

O Require distance of 2x2 cluster vs. TPC track below 7 cm

11
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O W reconstruction - Algorithm : Details

Transverse plane view
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W production results: Algorithm Details I

General:

O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

Electron isolation cuts:

O Electron candidate is any primary TPC track with global
Pr+>10 GeV/c

O Extrapolate TPC track fo BTOW tfower

O Compute 2x2 tower cluster Er, require Et sum > 15 GeV

O Require the excess Et in 4x4 tower patch over 2x2 patch
to be below 5%

O Require distance of 2x2 cluster vs. TPC track below 7 cm

Near-cone vete:

O© Compute near-cone Et sum of BEMC+TPC over AR=0.7 in
eta-phi space

O Require near-cone excess Et below 12%
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O W reconstruction - Algorithm : Details
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W production results: Algorithm Details l

General:

O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

Electron isolation cuts:

O Electron candidate is any primary TPC track with global
Pr+>10 GeV/c

O Extrapolate TPC track fo BTOW tfower

O Compute 2x2 tower cluster Er, require Et sum > 15 GeV

O Require the excess Et in 4x4 tower patch over 2x2 patch
to be below 5%

O Require distance of 2x2 cluster vs. TPC track below 7 cm

Near-cone vete:

O© Compute near-cone Et sum of BEMC+TPC over AR=0.7 in
eta-phi space

O Require near-cone excess Et below 12%

Away-'cone’ cuts: pr balance requirement

O Vector sum > 15GeV/c of: 2X2 tower cluster prand pr of
any number of jets outside near-cone

O Evof jet > 3.5G6eV
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W production results: Charge separation

O Mid-rapidity high pt e* charge separation

R TR

A0 G |

vertex positron p. =5 GeV

electron p;=5 GeV

200 cm of tracking
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W production results: Charge separation

O Mid- r'apldl’ry hugh pT e* char'ge separ'a’rlon

cm of trackmg

ve rtex positron p. =5 GeV

electron p;=5 GeV

+/- distance D: ~1/P-
pr=56eV :D~15cm
pr=406GeV : D ~2 cm
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W production results: Charge separation

O Mid- r'apldl’ry high pt e* charge sepam’ruon

R
ve rtex \ 2
cm of trackmg BEMC
< >
SIE
& o.08F-
Q: Charge-sign = 0060
of §- o.o4§—
r‘econs’rruc‘red\ g 0-02;—
track o -
0.02[ _:_.-
Final TPC F ZEe:
calibration ~ F -
-0.08 L -
0154 "Elzo' B ST R S R T S
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EMC Cluster E; (GeV)

positron p. =5 GeV
electron p;=56GeV
+/- distance D: ~1/P-

pr=56eV :D~15cm
pr=406eV : D ~2 cm

Assign:
Q/p+ > O positrons
Q/p; < 0 to be electrons
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W production results: Charge separation

O Mid- r'apldl’ry high pT e* charge separation
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W production results: Charged-separated Yields

O Charge separated raw Signal / Jacobian Peak Distributions

] (]
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O Charged separated W*/W-candidate distributions of the BEMC cluster transverse energy Et
(GeV)
O Cuts: All previously discussed cuts!

RHIC & AGS Annual Users Meeting / Spin Session
BNL, Upton, NY, June 07, 2010 Bernd Surrow



W production results: Background

O Background freatment
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W production results: Background

O Background treatment Wi distributions

PYTHIA+GEANT MC ——> = MC Normalized to

“ L=13.7 pb'!
W —71+v, :
T — €+ Ve + Vs s

0 20 30 40 50 60 10
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W production results: Background

O Background treatment

PYTHIA+GEANT MC —m—m—>
W —-71t+4+v,

T — €+ Ve + Vs

1.Run analysis with EEMC in veto cuts
2.Run analysis without EEMC in veto cuts

3. Subtract two raw signals
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W production results: Background

O Background freatment

PYTHIA+GEANT MC —m—m—>
W —-71t+4+v,

T — €+ Ve + Us

1.Run analysis with EEMC in veto cuts

2.Run analysis without EEMC in veto cuts

3. Subtract two raw signals

[ ptBalance vs awayside PT |
3763 12
£% .- Signal Data . |
50 n -
“region Driven ’
wET
- QCD L —
e o Bkgd. oLl
o
-‘:':-..-r-_z:—_ 2
"] TopEti
10 20 0 0

awayside PT

RHIC & AGS Annual Users Meeting / Spin Session
BNL, Upton, NY, June 07, 2010

W* distributions

MC No

rma

lizec

1 to

3.7 pb!

‘.‘10..

20

30

40‘H

.50...

lGOI -

70

Run 9 C

ata Mis

sing

Endcap

Vetoed

QCL

A4

Bac

kar

ound

Norn

naliz

ed at

<19 GeV D

Ta

N "
vriveri

QCD Bkqgd.

14

Bernd Surrow



W production results: Background

O Background freatment

PYTHIA+GEANT MC —m—m—>
W —-71t+4+v,

T — €+ Ve + Us

1.Run analysis with EEMC in veto cuts

2.Run analysis without EEMC in veto cuts

3. Subtract two raw signals

[ ptBalance vs awayside PT |
3763 12
£% .- Signal Data . |
50 n -
“region Driven ’
wET
- QCD L —
e o Bkgd. oLl
o
-‘:':-..-r-_z:—_ 2
"] TopEti
10 20 0 0

awayside PT

RHIC & AGS Annual Users Meeting / Spin Session
BNL, Upton, NY, June 07, 2010

W* distributions

MC No

rma

lizec

1 to

3.7 pb!

‘.‘10..

20

30

40‘H

.50...

lGOI -

70

Run 9 C

ata Mis

sing

Endcap

Vetoed

QCL

A4

Bac

kar

ound

Norn

naliz

ed at

<19 GeV D

Ta

N "
vriveri

QCD Bkqgd.

14

Bernd Surrow



W production results: Background

O Background freatment
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W production results: Background

O Background freatment
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W production results: Background

O Background treatment , W distributions
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O Background treatment

W* distributions
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Background systematics:

O Calculate different data driven

QCD

background shapes by varying

pt balance and away-side pt cuts

o Vary

normalization region (E; < 17
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O The largest deviation in each bin

used for sys. error estimate
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W production results: Background

O Background subtraction
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W production results: Background

O Background subtraction
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W production results: Data/MC comparison

O Data/MC Comparison of charge-separated Jacobian peak distributions

% . P+p— W — e+V —— MC Norm. to Signal % - pP+p— W*— e*+V —— mMC Norm. to Signal
O r —}— signal O r —}— Signal
_ Preliminary T _ Preliminary T
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O Comparison of data and PYTHIA+GEANT simulations for W signal events at /s=500GeV

O Systematic uncertainties were estimated by varying cuts and normalization regions for QCD

background and by varying BEMC energy scale uncertainty (+7.5%)
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W production results: Cross-Section

O Total W/W- Cross-section results
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W production results: Cross-Section

O Total W/W- Cross-section results
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W production results: Asymmetry result

O Parity-violating single-spin asymmetry W*/W- A_ results

RHIC & AGS Annual Users Meeting / Spin Session
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W production results: Asymmetry result

O Parity-violating single-spin asymmetry W*/W- A_ results
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O Parity-violating single-spin asymmetry W*/W- A_ results
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O Parity-violating single-spin asymmetry W*/W- A_ results
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O  AL(W?*) negative with a significance of 3.30
O AL (W) central value positive
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STAR Preliminary Run 9 (p+p /s=500 GeV)

Ap(WT) = —0.334+0.10(stat.) =+ 0.04(syst.)

Ar(W™) = 0.18=£0.19(stat.) F{os(syst.)

0 O O O

AL(W*) negative with a significance of 3.30
AL(W") central value positive
Systematic errors of A_ under control

TPC charge separation works up to pr~ 50G6eV

Measured asymmetries are in agreement with theory
evaluations using polarized pdf's (DSSV) constrained
by polarized DIS data

= Universality of helicity distribution functions!
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Summary and Outlook

O Run 9: First observation of W production at STAR
O First collision of polarized proton beams at /'s = 5006eV (P~40% / L~12pb!)
O W+ Cross-section and Parity violating single-spin asymmetry measurement
O Critical analysis aspects:
O Charge-sign discrimination at high pr
O Rejection and treatment of background
O STAR W program at forward/backward rapidity:

O Installation of STAR Forward GEM Tracker (1<n<2) (FGT): Summer 2011

APS April Meeting 2010
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